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HYGIRNIC OF ATR IN RAILROAD TUNNRLS DURING
‘ PABBAGE OF A LOCOMOTIVE

.The inflov of carbon monoxide an: eulfur dioxide in a tunnel after the
passage of a locomotive can Lave toxic effects on engine, train, and maintenance
personnel.

The content of turnel gases depends on & great many faotors: type amd .
quality of fuel, boller prossure, the train's epeed, length and shape of tho
- ‘wmel, frequency of train passage, metecrological conditions, etec. :

Detailed study of thequantity and composition of geses given off by loco- s
motives in roundhouses shows that as much as 2,000 Xilogrems of gas oan be given . .
off in an howr. With a gas temperature of 150-170 degrees, the carbon moncride )
content wvas 0.5-1.5 percent, that of sulfwr dioxide 0.2 percent, and of carbon
d1c..4de 5-10 percenit. On the road; the guartity and tue compositinm of the grses
can hohnac considerably. In particular, the quantity of carbon momoxide can
triple.

In tunnels, gases given off by the locomctive mix with 24r currents and the
ooncentration diminishes. The faster the train speed, the less tae danger of
toxic coneentration. Whun the train ‘is at a etandstill, the danger of toxié
concentratioa rises sharply due to decrease or abtseace uf air movement.

Detailed investigations of tumnel air were caxried out by Grodzovakiy,
D'yekov, Varishchev, Popov, Dumidovich, and othera. Under various conditions
1t wes discovered that there was a carbon monoxida content of 0,02-0.961 percent
(0.23-0,70 milligram per liter) in the locomotive cab; in the tummel arouni the
locomotive, from 0-0,05 percent (0-0.6% milligram per liter). Sulfur dioxide
in the cab vas from 0-0.035 (0-09lmilligrem per liter); in the turnel arcund
the loccmotive, from 0-0.055 (0-1,k5 milligrem per liter),

The more dangerous conditious prevail vhen the locomotive ukide, firing (s
improper, the train is standing etill, or the natural ventilation of the tummel

ia poor.
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The actlon of & vr&in eatering & lunfer 1a like ikai of & piston, It
pushee cut stale smoke and gas end dravs iz fresh air in its vake. The fester
the train speed the bstter the ventilation., Increases of train speed im railroad
transportation 1s & nev factcr in improving tumnel veantilation,

- Simultancous messursment of gases and leteymination of smoke concentretiocn
vere carrigd out at five poimts ina 2 ;000-meter-long single-tracked graded. tumel,
Temparature readings, humidity, and speed of air movement were taken and semples
eollaoted for analysie of carbom monoxide ani sulfur dioxide contemt. As soon as
toe train left the tunnel, temva vere made of the air in the breathing zone
(1.5 metere from the grours); in i0 minutes the {eats were ropeated, -The same
Procedurs sas followed for smoke conceutration. The following convlusions were
rosched. rogerding the latter teats: {1) vith & very heavy emoke concentratiom,

i 1ight from s flashlight could mot be seen at a distance of one mster, (2) vith
& hedvy coneentration, the light from the closest elsctric lighte would be distine
guished, {3) with & moderate concentration, light fram s series of electric lamps
in the gection could be distinguished, (4) with a weak concentration, the entrance
could bs @ean, and (5) with sp sbeence of smoke, the whole section vas quite
visible, )

The natursl novement of eir in the twmmel in the absence of & train did nod
excesd 0,5 meters per second apd only in isolated instances reached 2 meters per
.socond . “There was 80-95 percont humidity, with en outside temperature and
Jumidity. (Ootober) of 11-20 degrees tentigrede and 52-65 percent respestively.
Deperding-on the speed of the train and the direction and spead of matural move-
ment of sir in the tumnel; emoke ves in evidence over 0.3-0.7 of the tuanmel's
length.

Tests vere made tc determine the spesd of air movemeat in the tumnel in
front of and behind tThe train, apd between the train and the tunnel vall.

Distribution of gas concentratiops did not alvays correspond to the degree
of omoke concentration. The gases mix with air and are ofton absorbed by the
scale on the tumnel walls, and later released.

The oarbon monoxide tests were made bty the Reberg-Vimokurov method.

Tendercy for gases to acoumulate near the exit of the tumnel vas noted;
much depends on metecrological conditions aud frequency of train passnge. The
gquestion of mexisum permissidlc concentration is important since it determines
vhem maintenance men ind inspectors may be present withcut danger.

R : The problem of sulfur dioxide will be taken up first since . is the

! eimpler one. Th» sulfur ocontent of coal varies frcm 0.7-T percent. In

- coal from the Donets reglon, it comstitutes 1.2-3 percent, in Anzherosudzhenskiy
ooal 0.k percent, snd in Kizelpvakiy coal & percent.

. Ascordiag to Soviet leglalation {OST 90014-39), the maximm permiseible
R : : ccncentration of sulfur dioxide is 0.02 milligram per llter, and oniy vhen
T seterials conteiniag sulfur. are being burned may the concentration be increased
to 0.0h milligrem per liter, The maximum permissible concentratiou in tunnels
. during prssage of a train ahould be sot at 0.0k milligram per liter. The concen-
tration can also be reduced by proper supervisicr of the combustion process and
by utilitation of luw-sulfur-contrmt codl.. ’

.o

The concentration of carbon monoxide is usualiy the decisive factor in
- tunnel poieonings. The quancity of carbonxyhemoglobin vhich forms vhen carbon
. monoxide 1s inhalsd depends on the partial pressure of the oxygen and the
¢sibon in the inhaled air; tn addition, the duration of the gas's effect, the
physical factors, the metecrological factor, and the individual characteristics
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of those vorking in the tunnel -- all play aa imp;)rtant roie.

In garages, the permissidle conteat of carbon moncxids im rooms wher
workers spend the whole workirg day ls 0,02 milligram ner liter; in roor-e where
the:-vorker-stays only for 15 minutes the content may reach 0,2 milligram per liter

{08T 90024-39)

The establishment by American ressarchers ¢f the permissible concentra-
tion of carbon monoxide in's tunnel at 0.29-0.57 milligram per liter camnot be
dopendsd upon. Acpording to observations of Soviet authors (Letavet, Smelyanskiy,
Kosourov, and others), prolonged exposure to such concentration under wo.king
copditions oan cause not only chromid acute poisoning,

There ars varicus methods for artificial ventilation:' the SBakkerdo syatem,
ussd in the SBaint Gottard emd other tunnels; the screen system, used in the
Hoffat tunnel; the shaft system, used in 4 Swiss tunnel and in the Mcscow sub-
way syete:m; and the channel-shaft asystem, used iz the Hollsnd tunnel.

A comprehénsive survey of conditions will indisate the pystem to be selected.

To protect crev apd pessengers, insulation o€ locomotives and cara 18 auasut-
od (ught-fitt.m vindovs, doors, walls),

Gag-filtering apparsius should he provided for majntensnce pareonmiel.

Selection of the {ype of fuel, training of personnel, observation of rules
for tunnel passage, and prohibition of trains ovir a maximum permissible weight
vill help to achieve = decrease in inflow of toxic gases. Inatallation of siromger
type rails and spikes and limiting of maintenance work to periods vhen traine
are not passing vill protect maintenance workers.

The basic conditions for uocunng safe vorking conditioms for train crews
curing tummel passage ares

iy Use oniy wpwoiél types of coal on tunnel sacticms of tracks

2. Utilization of spocial types of coal must be assured by laboratory
oontrol. The epngineer will be responsible for raseipt and utilization of
coal of the proper cuality.

3. lLoodmotive section must work out ruales for stoking boiler and train
bandling during tumnel passage.

k, Cabs must be sturdily built and have tightliy closing doors and windows.

S All ldcomctives muat be provided with reserve receptacles io scoop up
air before the engine saters the tunnel. Iresh air will be furnmeled hy a special
netvork to the engineer's 2ab wvhile the train ie in the tumnel.

6. The oarbcn monoxide content siould not exceed 0,2 milligram per lter
in tha locomotive 3ad for any 15-minute pericd.

7. If a train is obliged to stop in a tunnel, engine and train crews vill
utilize sntigas apparatus vith vhich they must be provided.

8. When the train passes through a tunne), maintenance vorkers muat stand
in the niches providsd for that purpcsc and resume work only after that interval
of time designated for,the tunnel in question.

9. Tunnel ventilation shoul2 be so plamned that 10-15 minutes after the
train has passed, the conoentration of carbon monoxide vill reach 0,12 milligram
por liter and after s half howr 0,03 milligrem per liter. .
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